Although heterogeneity in the timing and persistence of maternal depressive symptomatology has implications for screening and treatment as well as associated maternal and child health outcomes, little is known about this variability. A prospective observational study of 1,735 low-income, multiethnic, inner-city women recruited in pregnancy from 2000 to 2002 and followed prospectively until 2004 (1 prenatal and 3 postpartum interviews) was used to determine whether distinct trajectories of depressive symptomatology can be defined from pregnancy through 2 years postpartum. Analysis was carried out through general growth mixture modeling. A model with 5 trajectory classes characterized the heterogeneity seen in the timing and magnitude of depressive symptoms among the study participants from Philadelphia, Pennsylvania. These classes included the following: 1) always or chronic depressive symptomatology (7%); 2) antepartum only (6%); 3) postpartum, which resolves after the first year postpartum (9%); 4) late, present at 25 months postpartum (7%); and 5) never having depressive symptomatology (71%). Women in these trajectory classes differed in demographic (nativity, education, race, parity) health, health behavior, and psychosocial characteristics (ambivalence about pregnancy and high objective stress). This heterogeneity should be considered in maternal depression programs. Additional research is needed to determine the association of these trajectory classes with maternal and child health outcomes. depression; longitudinal studies; postpartum period; pregnant women Abbreviations: CES-D, Center for Epidemiologic Studies Depression; GMM, growth mixture modeling; SD, standard deviation.
Depression is the largest single contributor to disability worldwide, and women face twice the lifetime risk of major depression as men (1) . Depressive symptomatology, a risk factor for major depression and a wide range of negative behavioral and physical health outcomes, is elevated during pregnancy and the postpartum period and disproportionately affects low-income and minority populations (2) (3) (4) (5) . Depressive symptomatology in mothers is also associated with important maternal child outcomes including low birth weight, preterm birth, and poor parenting practices (6) (7) (8) (9) (10) (11) .
With few exceptions, the typical study examining the correlates and effects of depressive symptomatology is cross-sectional in design and leaves unaddressed questions of variation in the timing and overall exposure to symptoms (12) . It is likely that the consequences of symptomatology vary by their chronicity, with transient episodes having less effect on outcomes. Available retrospective and longitudinal data indicate that there is significant heterogeneity in the timing of the onset and persistence of elevated depressive symptomatology (2, 4) . Moving beyond simple observations of the negative outcomes associated with depressive symptoms in pregnancy and the postpartum period requires information about 2 related phenomena: 1) the identification of distinct subgroups of women in terms of onset and persistence of depressive symptoms, and 2) the identification of demographic and clinical correlates of these subgroups to aid in the development of more refined models of mechanisms linking depressive symptoms to behavioral and physical health outcomes.
In this study, we determined whether distinct subgroups of low-income women could be identified by the magnitude and timing of depressive symptomatology from the antepartum period through 2 years following delivery. We assessed whether women could be placed into 4 trajectory classes defined a priori and then determined whether solutions with fewer or more classes better characterized the depressive symptom trajectories (2, 4, 13) . We identified trajectory classes of depressive symptoms from the prenatal to the postpartum periods with general growth mixture modeling (GMM). GMM allows for the clustering of individuals into homogeneous subgroups with different trajectories over time (14, 15) . Additionally, we described how these subgroups differed in terms of demographic, socioeconomic, health, health behavior, and psychosocial characteristics that have been associated with depressive symptomatology in pregnancy and the postpartum period.
MATERIALS AND METHODS
Institutional review board approval was received from all participating institutions, including the Drexel University College of Medicine and the University of Pennsylvania.
Setting
The current study made use of data from women enrolled in a prospective observational cohort study of pregnancy, birth, and infant health outcomes among low-income, inner-city women in Philadelphia, Pennsylvania. Women from the parent study were included (n ¼ 1,735) who completed at least 1 postpartum interview (Figure 1 ). The design of this study and enrollment procedures have been described elsewhere (11, 16, 17) . Briefly, women were recruited to the study from public health centers from February 2000 through November 2002. Eligibility criteria included English-or Spanish-speaking ability and a singleton intrauterine pregnancy. After providing written consent, participants at their first prenatal care visit (mean gestational age, 15.1 weeks; standard deviation (SD), 7.1) completed the first of 4 face-toface interviews. Interviews were conducted orally in English or Spanish by trained female interviewers using standardized questionnaires. The second, third, and fourth interviews were conducted in women's homes at approximately 3 months postpartum (mean, 3.6; SD, 1.8), 11 months postpartum (mean, 11.1; SD, 1.3), and 25 months postpartum (mean, 25.3; SD, 3.0), respectively. Two percent of the eligible women declined participation at enrollment. Greater than 85% (n ¼ 1,735) of the eligible women experiencing a livebirth (73% of the total eligible women) completed at least 1 subsequent interview, and 48% of these women completed all 3 of the postpartum interviews.
Measures
Depressive symptomatology. Depressive symptomatology was measured utilizing the Center for Epidemiologic Studies Depression (CES-D) Scale, a 20-item instrument widely used to assess depressive symptomatology with scores ranging from 0 to 60 (18) . The CES-D Scale is used in a range of populations including minority and lowincome women and women in pregnancy and postpartum (9, 11, 17, 19) . The scale can be used as a continuous variable with increasing levels of emotional distress represented by higher scores or as a categorical variable with standard cutpoints of !16 and !23 indicating significant levels of depressive symptomatology but with corresponding differences in sensitivity and specificity for major depressive disorder in community samples (18, 20, 21) . Trajectory classes from the current study that crossed these cutpoints at any point were considered to be characterized by depressive symptomatology while varying in severity and/or timing. The mean score for general population samples is approximately 7-9, while those for inpatient and outpatient psychiatric patients are approximately 24-27 (21, 22) .
Correlates of trajectory class membership. Potential correlates of trajectory class membership were identified a priori through a review of the literature on depressive symptomatology in pregnancy and the postpartum period. The demographic and socioeconomic variables selected were age, income, nativity (US born), educational attainment, self-reported race/ethnicity, marital status, and parity (previous livebirths) (3, (23) (24) (25) (26) (27) (28) (29) . To differentiate women still in school from those who will not complete school, we divided the ''less than high school'' completion category on the basis of age: 1) 19 years and potentially still in high school, and 2) >19 years and less than high school (since no longer eligible). Because women's physical health status is linked to depression in pregnancy and to parenting behaviors (3, 30) , we measured health status by 2 items: 1) self-rated physical health over the previous 12 months, and 2) the report of any of the following chronic comorbid physical conditions: heart disease, hypertension, asthma, diabetes, and ''other serious illness.'' Self-rated physical health status was measured with a 5-point Likert scale ranging from poor to excellent. For these analyses, the lowest 2 categories were combined. As a past history of mood disturbance has been associated with depression in pregnancy and the postpartum period (30-32), we assessed emotional health status prior to pregnancy with a self-rated measure of mental health status in the past 12 months (the scale response ranged from poor to excellent). Self-rated assessments of physical and emotional health are strong predictors of objective measures of physical and emotional health (33) . The negative health behaviors associated with depressive symptomatology and poor pregnancy and infant outcomes were smoking during pregnancy, alcohol use in the previous year, and marijuana use in the previous year (34) (35) (36) (37) (38) .
Ambivalence regarding the timing of pregnancy has also been associated with perinatal mood disorders (39) . We assessed this construct using responses to the question: ''Many women have mixed feelings when they find out that they are pregnant. When you found out you were pregnant this time, did you feel . . ..'' Response choices were ''happy,'' ''sad,'' ''disappointed,'' ''worried,'' and ''scared'' (responses were recorded as ''yes'' or ''no''). Exploratory factor analysis indicated that these responses were better grouped into 2 factors than 1 factor (results available on request). The first factor, ambivalence toward the pregnancy with a depressed character, was characterized by responding ''no'' to the response option ''happy'' or ''yes'' to the options ''sad'' or ''disappointed,'' while the second factor, ambivalence with an anxious character, was characterized by answering ''yes'' to the response options ''worried'' or ''scared.'' The average factor loading for depressed items was 0.74 and for anxious items was 0.88. The correlation between the 2 factors was r ¼ 0.68.
Both acute and chronic stressors are also related to depressive symptomatology in the perinatal period (40, 41) . We assessed objective stress with a previously described scale (16) . This 13-point scale is based on self-reported difficulties in 4 domains: 1) housing (0-3 points), 2) intimate partner violence (0-3 points), 3) material hardship (other than housing; 0-3 points), and 4) neighborhood danger (0-4 points). A 3-category variable based on tertiles of the distribution was used in the analysis: 1) low ( 2 points; lower third of sample), 2) moderate (3-4 points; middle third of sample), and 3) high (!5 points; upper third of sample).
Statistical analysis
GMM was used to identify latent classes in the trajectory of depressive symptomatology from the prenatal to the postpartum periods (refer to the description below). Once these trajectory classes were identified, women were assigned to 1 and only 1 class on the basis of their highest estimated posterior probabilities. We then assessed bivariate associations between women's characteristics and the dependent variable representing trajectory class membership using the v 2 test and analysis of variance. We used multinomial regression to predict the effect of women's characteristics on the probability of belonging to a specific trajectory class compared with the never group (explanation below). Goodness of fit was assessed by the likelihood ratio test (v 2 statistic) comparing the full model with reduced or less restrictive models (i.e., decrements in fit after removing each covariate). Bivariate and multinomial regression analyses were carried out with SPSS, version 15.0, software (SPSS, Inc., Chicago, Illinois).
Identification of latent trajectories. We used GMM to identify latent classes (14, 15) . GMM uses a categorical latent variable to identify qualitatively different population subgroups (42) . This categorical latent variable captures the heterogeneity in the trajectories of depressive symptoms of each class when compared with the overall population growth. Parameter estimates were obtained with maximumlikelihood estimation by using the expectation-maximization algorithm. Maximum-likelihood estimation with missing data assumed ignorable missing data (i.e., missing at random) (43) . Analyses of all cases tend to yield less biased parameter estimates than analyses restricted to only those cases with complete data even when missing-at-random assumptions are not fully met (44) .
Model selection. We used statistical indices as well as the overall interpretability of the model to select the optimal model. Statistical criteria for model selection included the following: 1) reliability of the classifications via the estimated posterior probabilities of group membership for each individual and the average posterior probabilities for each group and entropy (range, 0-1); 2) information criteria fit indices such as Akaike's Information Criterion, the Bayesian Information Criterion, and the sample-size-adjusted Bayesian Information Criterion; and 3) the bootstrap likelihood ratio test or k versus k À 1 groups (45) . A significant bootstrap likelihood ratio test for k groups (i.e., P < 0.05) indicates that the fit of the specified model is an improvement over a model with k À 1 groups. The substantive criteria included 1) group prevalence greater than 5% of the sample because smaller groups are difficult to replicate and 2) theoretical and practical interpretability of the groups. Specifically, we excluded models with k þ 1 groups if the additional group did not provide substantive and/or unique information.
Analysis procedure. The general growth mixture models were based on a basic latent growth model with a piecewise trajectory for continuous depressive symptomatology scores (CES-D Scale, 0-60). This model captured 2 phases of changes in depressive symptoms over the 4 time points. Accordingly, the first phase modeled the change from anteto peripartum (from time 1 to time 2). The second phase modeled the change from 11 months to 24 months postpartum (from time 2 to time 4). This overall model had an excellent fit to the data (v To determine the optimal number of groups, we first estimated the fit of the hypothesized 4-group model. Then we compared this solution against models ranging from 2 to 7 groups. The identification of groups was based on the mean of the growth factors alone. The variances for the first growth factor phase were constrained at 0 for all groups, and the variances across groups for the second growth factor were not allowed to differ from one another because freeing these parameters resulted in model nonconvergence. All GMM models were estimated by using Mplus, version 4.1, software (46) .
RESULTS
Descriptive characteristics of the full study sample are shown as variables in Table 1 . Overall, the sample consisted of young, low-income, US-born, black women with demographic, health, behavioral, and psychosocial characteristics consistent with those of a low-income urban population. The mean age was approximately 24 years, and the mean annual personal income was less than $9,000. Most women reported their race/ethnicity as African American (70%) with smaller groups of Latina (17%) and white/other (13%) women. Nearly 80% of the sample reported being US born. One-quarter of the women had less than high school educational status (>19 years of age), 15% did not have a diploma but were potentially still in school ( 19 years of age), 42% reported a high school diploma (or equivalency degree), and the remaining 18% had attended at least some college. For this relatively young sample, a high proportion reported only poor/fair physical health (12%) and emotional health status (18%) in the preceding year, as well as the presence of comorbid conditions (18%). In addition, the sample had a high prevalence of negative health behaviors. Twentythree percent of the women reported smoking in pregnancy, 33% reported alcohol use, and 19% reported marijuana use in the previous year.
The fit of the depressive symptomatology trajectory models was tested from 2 to 7 trajectory classes. All goodnessof-fit statistics (Akaike's Information Criterion, Bayesian Information Criterion, sample-size-adjusted Bayesian Information Criterion, and bootstrap likelihood ratio test) became smaller with an increasing number of classes, indicating that solutions with more groups better fit the data ( Table 2 ). The 7-group model, however, did not converge. The 6-group model yielded 1 small group (<5% of the sample) and did not improve the classification of subjects (i.e., entropy was identical to the 5-group solution). Additionally, the posterior average probability for one of the groups was not optimal (average probability ¼ 0.66). The relaxation of assumptions such as equality of variance across trajectory groups did not improve the fit of the model (results available on request). On the basis of these empirical and substantive criteria, we chose the 5-group solution as the optimal solution. Our 5-group solution added a new group (group 4 below) to the initially hypothesized 4-group model. Thus, the following groups shown in Figure 2 were identified and labeled according to when the trajectory crossed the predetermined depressive symptom score cutpoint (CES-D score, !16): 1) chronic, persistently high level of depressive symptoms (7% of sample); 2) antepartum depressive symptomatology present only at the first prenatal visit (6% of sample); 3) postpartum depressive symptoms present within 6 weeks of delivery that subside over time (9% of sample); 4) late with low levels of depressive symptoms ante-and peripartum that increase in the second year postpartum (7% of sample); and 5) never elevated, with continuous low levels of depressive symptoms (71% of sample). The entropy of this model was high (entropy ¼ 0.79), and the average posterior probability for the groups showing elevated symptomatology ranged between 0.78 and 0.84, while for the never-elevated group, it was 0.91.
Bivariate correlations between demographic, socioeconomic, health, and psychosocial characteristics and the trajectory classes are also shown in Table 1 . Members of the groups differed by 1) demographic and socioeconomic variables, 2) self-rated physical and emotional health and the presence of comorbid conditions, 3) negative health behaviors, 4) ambivalence about the pregnancy, and 5) objective stress. These analyses were based on membership obtained from the unconditional model and, therefore, these bivariate results are approximate estimates (14) .
The independent association of maternal characteristics with the distinct depressive symptomatology groups when compared with the never group was then assessed by multinomial logistic regression (Table 3) with adjustment for all covariates simultaneously. Variables that significantly improved the overall model (P < 0.05) were nativity, educational status, race/ethnicity, recent alcohol use, self-rated emotional health in the previous year, ambivalence about pregnancy with anxious character, and objective stress. The variables that were independently associated with increased risk of membership in the chronic compared with the never group included race/ethnicity (black women were less likely to belong to this group than white women), higher parity, fair/poor emotional health, ambivalence about pregnancy with anxious character, and increased objective stress. For the antepartum group, significant associations included nativity (US born is protective), race/ethnicity with Latina/ Hispanic women being less likely to belong to this group than white women, fair/poor self-rated emotional health, recent alcohol use, ambivalence about pregnancy with anxious character, and high level of objective stress. Membership in the postpartum group was independently associated with nativity (US born is protective), low educational attainment, race/ethnicity with Latinas/Hispanics being less likely to belong to this group than whites, 1-2 previous livebirths, fair/poor self-rated emotional health, and having comorbidity, as well as moderate and high levels of objective stress. Finally, for the late group, less than high school education and higher levels of objective stress significantly increased the risk of belonging to this group.
DISCUSSION
Using a novel approach, we described 5 distinct trajectory classes of depressive symptomatology (CES-D score, ever !16) from the first prenatal care visit through 2 years postpartum in a sample of over 1,700 low-income, mostly Abbreviation: SD, standard deviation. a ''Less than high school'' is defined as less than high school status and more than 19 years of age; ''still in high school'' is defined as less than high school status and 19 years of age or less.
African-American women. By far, the largest class-never, comprising 71% of the women-did not have depressive symptomatology at any of the data collection time points. The remaining classes were considerably smaller and had varying degrees of severity and persistence of depressive symptoms. A range of characteristics were independently associated with membership in these 4 depressive symptom classes, including demographic and socioeconomic characteristics, emotional and physical health status, health behaviors, ambivalence regarding pregnancy, and a composite objective stress measure.
Our results are consistent with those from longitudinal studies in other populations where depressive symptomatology was associated with a heterogeneous group of individuals, of whom only a relatively small subset exhibited persistent depressive symptomotology (47) . The timing and duration of depressive symptoms are likely to be associated with a varying risk of mood-related adverse outcomes relevant to maternal and child health. For example, we have previously shown that persistent depressive symptomatology with a score of !16 on the CES-D Scale from pregnancy through 1 year postpartum is associated with poor parenting practices (11) . The chronic depressive symptomatology class identified in the current study represents a similar group of women but with more than 12 months longer duration of symptoms. Others have shown that women with depressive symptoms postpartum have a risk of persistent elevation over a substantial period of time (4, 12) . However, we are not aware of other studies that have identified a discrete group of women who have elevated symptoms for a period spanning the first prenatal visit to 2 years postpartum. This group likely represents particularly at-risk women with a high need for intervention to reduce distress.
It is of particular interest that nearly three-quarters of our low-income, urban study women had low depressive symptomatology at all assessments and that the elevated depressive symptoms of another 15% were transient (antepartum and postpartum classes). Moreover, half of women with elevated symptoms at any single time were members of the chronic class. However, the classes with transient emotional distress were relatively small, making efficient screening and identification of the chronically depressed group difficult. The finding with the clearest clinical importance is that a low CES-D score of <16 is a good indicator of longterm emotional adjustment in ruling out not only current but also chronic emotional distress. In contrast, a high CES-D score is a more ambiguous indicator of persistent distress.
The demographic, socioeconomic, and health-related characteristics of women belonging to the various trajectory classes are also of interest because they suggest plausible linkages to causal pathways, as well as potential interventions targeting emotional distress among low-income pregnant and parenting women. Some of these variables were widely shared across the various depressive symptom classes including a high level of objective stress and fair/poor self-rated emotional health, indicating links between stressful exposures and a woman's self-assessment of emotional health and the risk of emotional distress in pregnancy and the postpartum period. Other variables were more uniquely associated with particular trajectory classes, such as high parity with the chronic class and ambivalence about the pregnancy with the chronic and antepartum classes. These findings are consistent with previous work linking unintended and mistimed pregnancy with emotional distress (37) . Each of these sets of variables provides clues for future research to enhance the emotional health care of these vulnerable women.
A number of limitations of the current study should also be reviewed. First, this study sample is not nationally representative. Rather it captures a low-income, inner-city population of pregnant women who have multiple disadvantages. Thus, our findings are most appropriately generalized to similar population subgroups. A higher income and more socially resourced sample might yield different trajectory classes. However, we chose this study population because these women are at high risk for depressive symptomatology in pregnancy and so deserve particular attention. In addition, the identification of the trajectory classes was post hoc: It requires data from a first prenatal visit to 2 years postpartum. Confirmation of these distinct trajectories with other prospective data sets is needed to test whether similar trajectory classes are found and whether characteristics assessed at the prenatal visit can predict subsequent depressive symptomatology. Further, there is potential for bias in the missing data. Data with more frequent assessments and fewer missing values may help to improve our ability to determine whether these trajectories are a good reflection of women's experiences.
In summary, we have found evidence that pregnant women represent a heterogeneous group with regard to the timing and persistence of depressive symptomatology. Developing means of identifying high-risk groups would reduce the burden of service delivery and allow more focused attention on women with greater need. Further studies are needed to identify correlates of membership in the classes of trajectories of depressive symptomatology, the antecedents, and the behavioral and physical health consequences.
